The behavior of longitudinal (LA) and transverse (TA) acoustic phonons in a cubic relaxor 
The relaxor state that arises in a number of disordered ferroelectric crystals has been a subject of intense investigations during the last decades [1] [2] [3] [4] . The interest of researchers to this state is due to the importance of the problem of the dynamics of structural phase transitions in partially disordered crystals (one of the sublattices is partially disordered) and also due a wide use of relaxor ferroelectrics in industry.
Crystals of lead magnesium tantalate PbMg 1/3 Ta 2/3 O 3 (PMT) are representatives of a large family of relaxor perovskite-like ferroelectrics with the common formula AB′B″O 3 [5] . Though the parent compound of relaxor ferroelectrics (from here on -relaxors) is classical АВО 3 perovskites, the relaxors exhibit the properties radically differing from those of the parent compound. For instance, the dielectric response of PMT demonstrates a frequency-dependent anomaly spread for several hundred degrees with a maximum at Т 0 ≈ 170 К at 10 kHz [6] . In contrast to classical ferroelectrics, the anomalies in the dielectric response of relaxors are not directly associated with a structural phase transition. The X-ray and neutron diffraction analyses of PMT crystals have revealed the absence of a structural phase transition in the range of temperatures from 1.5 to 730 К [7] [8] [9] , which is also typical of related relaxor compound PbMg 1/3 Nb 2/3 O 3 (PMN). However, in contrast to PMN, the PMT crystals remain cubic (with the m Pm3 symmetry) even if an external electric field is applied [5, 9] . The absence of a structural instability makes PMT crystals suitable model objects for studies of the relaxor ferroelectric state. The crystalline lattice dynamics of PMT crystals has been investigated by dielectric, optical, and neutron spectroscopy [6, [10] [11] [12] [13] and specific heat measurements [14] . Inelastic neutron scattering experiments have revealed that characteristic features of the low-frequency region of the vibration spectrum of cubic relaxor ferroelectrics are a narrow central peak and a relaxation mode (quasi-elastic scattering -QE) [13, [15] [16] [17] [18] . At the temperature at which the QE scattering, arises damping of the low-energy phonons starts to increase, which may be a consequence of the scattering by dynamic polar nanoregions [17, 18] . Thetemperature evolution of optical phonons in PMT was studied by Raman scattering in Ref. [10] . It was found that the integrated susceptibilities of the phonon peaks exhibit an anomalous behavior in the range of a strong frequency dispersion of the dielectric permittivity of PMT. In addition, the Raman line shape of the high-frequency phonon in PMT becomes more asymmetric at temperatures lower This paper discusses the data for a PMT crystal obtained in Brillouin light scattering experiments in the temperature range from 870 to 50 К including both the region of formation of polar nanoregions Т B ≈570 К [6, 9] (which are believed to be responsible for the relaxor state [19] ) and the region of the anomalous behavior of the dielectric response.
The Brillouin scattering measurements in the PMT crystal involved the use of a 3+3-pass The acoustic phonon velocity (V) in a Brillouin light scattering experiment is determined by the frequency shift (Δν ) as
where q, n, and θ are the wave vector, refractive index, and the angle between the incident and scattered light, respectively. In the 180˚ light scattering geometry (θ =180˚), acoustic phonons with wave vector q ph ║[100] were studied, polarizations of the incident and scattered light were oriented along [010] . Then, according to the selection rules [20] , the scattering spectrum of a crystal with a cubic symmetry contains only one purely longitudinal phonon mode (LA) whose
Index а designates the 180˚ experimental geometry. In the 90A (θ =90˚) scattering geometry the light was incident at angle 45˚ to the crystal face (see geometry is that the refractive index (whose absolute value for PMT is not known) does not affect the phonon velocity being measured in such geometry [21] . A free spectral interval of the tandem was 30 or 75 GHz.
Examples of experimental spectra are shown in Fig.2 . The results were processed by the least squares method. The fitting functions in calculations of phonon line shapes and scattering at an unshifted frequency were the Lorentz and Gauss functions, respectively. It is well seen from (Fig.3a,b) . For the first time this phenomenon was associated with formation of nanoregions in analysis of Brillouin light scattering in PMN crystals [22] . Later the effect of polar nanoregions on the behavior of acoustic phonons was also revealed in relaxor compound lanthanum lead zirconate titanate [23] .
The deviation of the temperature dependence of the TA phonon velocity from the linear one begins at much lower temperature, in the vicinity of 500 К (Fig.3 с) . Softening of the LA phonon velocity starting in the vicinity of T B reaches a minimum at ≈ 190 K and grows with decreasing temperature (See Figs 3,4) . The minima of phonon velocities correspond to the dielectric response anomaly of the PMT crystal [6] . The magnitude of variations in the LA phonon velocity is from 3.5 to 5%, depending on the measurement frequency (below we consider the frequency dependence of velocity in more detail). Thus, on the whole, the TA phonon behavior is similar to that of the LA phonons, though the velocity minimum in the temperature dependence of TA phonon velocity is less pronounced. The magnitude of variations in the TA phonon velocity is about 2.5 %. It is interesting to note that the behavior of the phonon velocity in PMT is similar to that in disordered crystals at phase transition into a glass-like state [24] . In it known that a characteristic feature of the transition into a glass-like phase is a strong frequency dependence of the acoustic response. This necessitated analysis of the frequency dependence of the LA phonon velocity in the PMT crystal.
Note that one can determine the elastic constant С TGS crystals a decrease in the probe frequency leads to a shift of acoustic anomalies to a lowtemperature region (a ferroelectric phase) [25] . The acoustic response in AgNa(NO 2 ) 2 crystals behaves similarly [26] . The acoustic response dispersion in the vicinity of structural phase transitions can be explained in the framework of relaxation mechanisms. In the case of the PMT and PMN relaxor ferroelectrics, a decrease in frequency leads to a shift of the velocity minimum to the high-temperature region (a paraphase), which is opposite to the velocity behavior at structural phase transitions. Thus, it can be concluded that the classical relaxation mechanism is not a determining factor in the velocity dispersion in the gigahertz region in PMN and PMT crystals. To find the mechanism responsible for velocity dispersion, additional investigations of the acoustic response of relaxors in a wide frequency range are required.
The results obtained in the Brillouin light scattering experiments allowed us to calculate elastic constants С 11 and С 44 (Eqs. 5-7) and plot their temperature dependences (Fig.5 ). 2 11 ( )
where ρ = 9.65 g/cm 3 [27] . 
Then, using the data on the temperature behavior of relative variations in the refractive index given in [28] , a temperature behavior of elastic constant was calculated from Eq.(1). Table 1 gives elastic constants С 11 and С 44 obtained for PMN and PMT crystals in the Brillouin light scattering experiments performed under similar conditions, i.e., in the 180˚ and 90A geometries.
Comparative analysis has shown that the magnitudes of С 11 for PMT are higher than for PMN in the entire range of the temperatures studied. The values of С 44 are similar for both crystals in the low-temperature region and differ remarkably in the high-temperature region. Comparison of the temperature evolutions of elastic constant С 11 in the PMT crystal at different frequencies (Fig.5) has revealed that there is no dispersion of С 11 in the gigahertz range (within the limits of measuring error and under the condition of absence of the velocity dispersion above Т В ). A radically different behavior is exhibited by С 11 in the PMN crystal: a strong dispersion of С 11 was observed in the vicinity of the dielectric response anomaly [29] . 
